With a thin economic component, most bio-economic models of fisheries fail to assess the effects of the regulation systems on firms. In order to analyse the short term consequences of different management schemes, a simulation model is applied to the French driftnet albacore fleet: licence allocation with driftnet regulation, individual quotas, and individual transferable quotas without any input control. Vessel technology is estimated by using the data collected, and groups of vessels are distinguished according to criteria of performance. We present the adjustment within firms and between groups under different scenarios (limited entry with and without driftnet regulation, individual quotas and individual transferable quotas allocation), and we compare their results in terms of quasi-rent value and other indicators such as hake harvests or dolphin by-catches.
Introduction
Conventional economic approaches to fisheries management are designed according the wellknown model of free and open access to common-pool renewable resources. Bio-economic models are centred on the identification of a level of efficient operation, defined as providing the maximum net returns to inputs in comparison with other economic sectors (Clark 1990 ). These approaches aim at determining the levels of fishing mortality at which economic efficiency will be achieved, and also to identify the policy measures required to achieve such levels in the context of market failures. In fisheries where only total harvest is being restricted, it is now well understood that such management measures result in inefficient outcomes since they do not stop the race for a share of the catch. Then "too many vessels chase too few fish" leading to overcapitalisation in most fisheries (Hatcher and Robinson ed 1998). These failures result from the lack of definition of rights to the resources, the resulting absence or imperfection of markets for them, and the externalities that it entails. In order to restore efficiency in these open-access managed fisheries, economists suggested that the fishing use rights should be explicitly allocated to individual harvesters (Scott 1988) 1 . Two major forms of rightbased fishing were implemented, those limiting entry to the fisheries and regulating the use of the different inputs, and those granting a right to resource flows (Christy 1973 ).
The objective of limited entry licence programmes is to restrict access to a limited number of incumbents, and to ration indirectly the individual production possibilities by controlling the nominal fishing effort (e.g. fishing days, number and size of the fishing gear, vessel characteristics such as engine power, length, etc). Most of them were implemented in the beginning of the 70's, and there is some evidence provided by limited entry experiences (Wilen 1988) (Townsend 1990) . Even if the restrictive character of these programmes is correlated with its economic success, the main problem they face is the control of inputs and technological progress. That is why licence systems face difficulties, as they do not curb capital and labour stuffing that inevitably lead to the dissipation of resource rent. Licences may be transferable or not between fishermen. In the last case, vessel buyback programmes are usually organised by management authorities in order to adjust the fishing capacity to the available resources, and to restore the global state of the stocks. In the context of the Common Fishery Policy, this led to the implementation of a structural policy with the objective to reduce the size of the fishing fleets in the European Union (Holden 1995) .
By ensuring harvesters a fixed share of the total admissible catch (TAC), individual quotas allocations may avoid the derby effect due to open access : it can generate efficiency gains given that harvest activities can be planned temporally to take advantage of market demand (Casey and al. 1995) and, in some cases, operating costs can be reduced in the absence of "race for fish" conditions. A further step towards the economic rationalisation of the fishery consists in allowing the subsequent allocations of harvest shares to be transferable between economic agents on an open market (Moloney and Pearse 1979) (Scott 1988) 2 .
Several experiments of Individual Transferable Quotas (ITQ) systems in fisheries are now led around the world (Crothers 1986) (Arnason 1996) (McCay and al 1995) (Davidse 1997) . Most of them have been applied to industrial countries, but at different degrees. New Zealand, Iceland and Holland tend to generalise ITQs to their fisheries, whereas others like Canada, Australia or the USA adopt mixed policies including licence allocation programmes as an additional management tool.
Individual quotas are usually "grandfathered" free of charge to eligible bodies, vessel owners or companies 3 . According to rights duration, individual quotas can be exchanged either on rental on a short term basis, or on a sale market, or both. As underlined by Squires and al (1995a) , the evidence of quota market development and volume on quota trade is mixed 4 . In many cases, management authorities put limits on transactions in order to avoid the concentration of harvest shares in the hand of a limited number of operators (Macinko 1993 ). Yet, free market is a common practice in Iceland fisheries (Arnason 1993) , as well as in the U.S. surf clam fishery (Wang 1995) Depending upon the exchange range between firms, the subsequent allocation leads to more or less significant adjustment within firms and fleets. Yet, only few empirical studies try to assess and foresight the quantitative impact of ITQ on fleet dynamics and rents exhausted from the fishery (Weninger and Just 1997) (Guyader 2000) . Nevertheless, ITQs benefits resulting from rationalisation can be counterbalanced by adverse effects such as discards, highgrading, and quota busting, that may occur in different situations (Copes 1986 ), (Anderson 1994 ) (Vestergaard 1996) ( Squires and al. 1995a ). On an other side, theoretical analyses show that ITQ systems do not resolve congestion or stock externalities under specific conditions (Boyce 1992) . Matulich and Mittelhammer (1996) show that the exclusion of the processing sector to quotas allocation can generate inefficient outcomes. Individual quotas, as well as ITQs, may involve certain difficulties such as monitoring and enforcement problems, which may undermine the overall benefits expected from these regimes. ITQ
systems cannot be assumed a priori as the best programmes in a perspective of efficiency, as their results, as well as those of individual quotas and licence systems, depend crucially on the context of fisheries (Copes 1997 ).
Only few papers in the economic literature compare the economic effects of the different regulatory regimes on fishing firms and fleets. al. (1994) (1995b) , Dupont and Phipps (1991a; b) basically focus upon ITQ systems from a static analysis point of view, whereas Garza-Gil (1998) applies optimal control to assess the consequences of the implementation of ITQs. Other studies mainly provide us with qualitative indications about the potential advantages and limits of the use of ITQs (Griffin and al. 1992 ) (Huppert and al. 1992 ) (Sutinen and al. 1992 for examples).
The objective of this paper is to simulate and compare the results of different management strategies referring to the case of the French driftnet albacore fishery. Albacore is a straddling stock harvested by other different fleets, but this analysis considers the stock as a fixed factor. The French driftnet fleet is comprised of multipurpose vessels that target albacore tuna in the Northeast Atlantic, with unfortunately a certain number of dolphin by-catches. Due to these environmental externalities and other problems, driftnet fleets have been subject to regulation since 1992 in order to reduce EARE926 4 dolphin by-catches, but no preliminary study has been conducted to assess ex ante the benefits and costs of the different management regulations. Five major options of management are considered in the analysis : licence allocation without driftnet regulation (1), licence allocation with driftnet regulation (2) individual quotas (3) , and implementation of individual transferable quotas (4) that can be compared to the driftnet ban scenario (5) . These options are the more realistic according to the fishery context. The emphasis is put on the short term economic analysis of these regulatory measures on vessels of different types, considering the possibility they have to switch to the next best fishery, the hake fishery, which is considered as overexploited. It enables regulation authorities to compare the impacts of the different scenarios in terms of quasi-rent generation in the albacore fishery, and other indicators such as dolphin by-catches, hake harvests, and to implement regulatory measures on a sounder basis. Stock effects are set aside the analysis. The main conclusion is that individual quota as well as ITQ should then be preferred from a cost-benefit analysis perspective. The individual quota system can be considered as a second best considering the non-transferability of rights in France. The future ban of driftnet is going to lead to adverse effects in terms of producer quasi rent and hake harvest levels.
The paper is organised as follows : the first section analyses the evolution of the albacore fishery exploitation in the context of a straddling stock exploitation, and considers the need for driftnet regulation. The second part of the paper describes the French driftnet fleet, and deals with technology as well as cost estimation. Then, we present the modelling approaches to assess the economic consequences of the different management options at the level of individual fishing firms, and within the fleet. The results and the analysis of the simulations are presented in the fourth section.
The comparative advantages of regulatory schemes are discussed in the fifth part of the paper.
Regulation of the French driftnet albacore fishery in the context of a straddling stock exploitation.
The Northeast Atlantic albacore stock (Thunnus alalunga) is harvested by French fleets during its annual migration along the European coasts, from the Azores to south of Ireland. Spanish troll and baitboat vessels also target this species. Yet, since 1986 French fishermen have switched to more productive and profitable fishing gear after a drastic decrease in the fleets due to low profitability (Antoine and al 1998) . Relatively significant income with pelagic trawl and driftnet give them incentives to enter this open access fishery. The driftnet fleet increased from 20 vessels in 1988
to 49 in 1991, and culminated at 64 in 1993. Irish and United Kingdom vessels then entered in the fishery, and the total number of vessels reached 30 units (Findlay and al 1998) . With these new techniques, total catches dropped to 9,080 tons in 1994 (ICCAT 1998). ICCAT (1998) In 1995, in cooperation with fishermen organisations, the French Management Authority decided to limit entry to the fishery by issuing non-transferable licences (e.g. special fishing permit by gear as in EC regulations) to 69 driftnet vessels, and 78 pelagic trawlers. These licences were allocated on an historical basis. Since the 1993 season, driftnet vessels in the European Union have been subject to gear regulation that forbid the use of driftnet length over 2,5 km 5 . However, this rule was not enforced until the monitoring level increased in 1994. This European regulation was decided as an application of the United Nation resolution (44/225). The aim of this memorandum was to ban the use of large driftnets, 40-60 km per vessels, that were deployed in the Pacific at that time. Yet, being signed by the European Union, it was politically difficult not to implement this agreement at the level of the European fishing fleets (Holden 1995) . Before regulation, the French driftnet average length was about 7 km per vessel. In order to rule and ban the use of driftnets from the European waters, various considerations like cetaceans by-catches, and technical interactions between driftnet and traditional gear (e.g. baitboat and troll) have been respectively underlined by environmental organisations, and the Spanish industry. The Council of the EU decided to prohibit the use of this gear in 1998 without assessing the economic impact this regulation 6 could have. The impact on the ecosystem was a major scientific concern, and research on ecological risks revealed that the level of dolphin mortality was not significant enough to threat the dolphin populations.
(Antoine and al., 1997) (Goujon 1996) . It is more likely the interest in dolphin by-catches than the risk of a non sustainable dolphin population that yields strong emotion in the public opinion. Surveys made at sea assessed the rate of dolphin mortality to 1,850 individuals per year in 1992 and 1993. Of course, since the effective enforcement of this rule in 1994, the driftnet regulation through the limitation of net length has probably played a role in preventing significant dolphin mortality.
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For the Spanish industry, the competition on albacore stock was considered as unfair. Indeed, in 1992 the mean catch rate of a driftnetter was 30% greater than that of a baitboat, and twice that of a troller vessel (Antoine and al. 1998) . There is no serious proof of technical interaction between the French and Spanish fleets (Anon 1990 . Such drop partly explains the continuous decline in the catches in the North Atlantic, from around 50,000 to 30,000 tons during the same period. In 1994, the Spanish albacore fleet was comprised of 700 vessels, 150 baitboats, and 550 troll vessels. They respectively target anchovy with purse-seine, and demersal species, with set and drifting outside the summer tuna season (Findlay and al. 1998) 8 . These fleets faced major economic difficulties, which explains the issue of vessel replacement, and the consecutive decrease in landings. For both fleets, remunerating labour and finding crewmembers has become a real difficulty, especially in the case of the baitboats most of which are situated in the Basque Country (Garcienda 1996) . As a result, the number of Basque albacore vessels dropped from 318 to 193 units between 1987 318 to 193 units between and 1993 318 to 193 units between (Santiago 1996 . More generally, a significant proportion of the landings is canned, and this product is subject to higher competition with canned tropical tunas, the prices of which have been in a decline for the past few years. This seems to cause a simultaneous decline in the price of albacore on first sale markets, as well as a new drop in the profitability of these fleets (Guyader 1998) . Considering the less attractive nature of the albacore fishery, the Spanish albacore fleet will probably decline, or at best stabilise in the next years. In addition, the application of Multi Annual Guidance Plans of the Common Fishery Policy, which aim at reducing fishing capacity through decommissioning plans, may favour this decline trend. ICCAT (1998) European Surface fleets harvest juvenile and pre-adult albacore. Since the mid 1980s, adults have not been targeted for Asiatic longliners in the North Atlantic. The introduction of deep longlines and super cold freeze vessels in the early 1980s changed the composition of the Taiwanese fleet, as well as its fishing behaviour (ICCAT 1996 ) that led to a dramatic decline in the catches from 14,300 tons in 1983 to 1,400 tons in 1993. The historical review of the albacore fishery exploitation reveals that in the 1960s, the fishing mortality in the fishery was higher than in recent years, and yet without signs of overexploitation. The 30,000 tons caught today are far below the sustainable historical level of 60,000 tons. The International Council for the Conservation of Atlantic Tunas concluded that the northern albacore stock is probably not overexploited, but was at, or near, the level of full exploitation. In order to prevent an increase in the fish mortality due to driftnets and pelagic trawls, 
Description of the French driftnet fleet and technology assessment.
French driftnet vessels basically originate from harbours located on the Atlantic coast, from Brittany to the French Basque Country. Their lengths range from 15 to 25 meters, and most of the time, these fishing units are owned and operated by artisanal fishermen. On average, before regulation, they employed seven crewmembers, but the decrease in catches and turnover, resulting from the restriction of net length, gave them incentives to reduce their crews as a way to cut down their running costs. The albacore fishery is seasonal and fishermen operate between June and October.
The decision of entry or exit depends upon the opportunity cost in alternative fisheries, especially in the hake fishery. The vessel's journey lasts for about twenty days, but depends on the location of the shoals, and on each vessel's hold capacity. The composition of commercial catches includes the targeted species (albacore accounts for nearly 95% of the total weight and turnover), and other bycatches are mainly bluefin tuna, swordfish and sharks. These joint products are not subject to any regulation that could generate discards, and output separability is accordingly assumed.
In order to identify firm technology, we carried out an econometric analysis of a non- 
with it u the disturbance term
Taking their neperian logarithms, introducing binary variables to capture annual effects, we apply ordinary least squares with auto-correlation correction. As shown in table IV, the value of elasticity catches-time in the fishery is less than one, thus reflecting the variations of accessibility to albacore tuna during the season. More generally, catches per day are at a lower level at the beginning of the season, increasing in July and august, and declining in September. Some vessels switch to the fishery during the best two months; some others choose to target albacore all over the season in order to get potential good catches, or to benefit from higher prices. In fact, because the vessels operate one to six journeys during the season, the decision to enter the albacore fishery is a discrete choice.
Different factors can explain the driftnet decreasing marginal productivity which is near 0.5.
Shorter nets are of better quality, and more efficient than longer nets which are not so well-kept. On another side, reduced handling time with shorter nets gives more time to search for tuna shoals. The coefficient for the boat length variable is significant though also inferior to one. The reason is that this fixed factor is a constraint for production, since larger vessels make less journeys and thus spend more time to harvest 9 . Though the variable "year 1993" is also significant, it may not reflect the variation of stock, but more likely the negative impact of conflicts at sea between French and Spanish fishermen. Unfortunately, in this study it's not possible to understand statistically the individual capital human effects that can increase explained variance. Actually, the autocorrelation of the errors detected is likely an indicator of these effects. In fact, a graphical analysis reveals that due to the stability of the individual strategies between the different years, the individual points for each firm are very closed to them; an observation that may explain autocorrelation. Considering these results, the driftnet fleet of 1994 was divided into four categories based under vessel length, in order to reflect the difference in productive efficiency. The vessel of the first category is more efficient than a vessel of the second, third, fourth category 2, 3 or 4. Running unit costs come from firm trip accounts. Albacore landings are sold at the auction market as a fresh product, or to the canneries. Yet, in order to avoid substantial declines in prices when bottleneck appears, organisations of producers could use a withdrawal price system. Regarding quality, driftnet-caught albacore is different from those caught with other fishing gear and benefits from higher demand at the beginning of the summer season. This is the reason why driftnet current prices exceed those of pelagic pair trawlers. We assume in further simulations that driftnet price is constant and equals to 17 francs/kg. During the albacore season, driftnet vessels are able to switch to the hake fishery, and the calculus of the opportunity cost of capital and labour in this fishery is required in order to assess the incentive to stay in the albacore fishery, as well as to value albacore quasi-rents. We talk about quasi-rent since all production factors, like the capital, and the natural stock are not in a situation of equilibrium. Guyader (1998) led the analysis of productivity and costs in the hake fishery and found no statistical differences in opportunity cost between the vessels and between crews. In order to simulate the consequences of the different management options in the albacore fishery, the next section considers the modelling approach.
Short term models of fisher behaviour with or without regulatory constraints.
Based upon the previous estimation of driftnet vessel technology, we present hereafter different models of fishermen behaviour programmed on a simulation tool (e.g. Stella software). The first model considers the case of the fishing firm decision without any regulatory constraint at individual level. The analysis then focus upon licence programme including driftnet length regulation, individual quotas, and finally on individual transferable quota systems. Only the short term effects are taken into account, and potential congestion externalities as well as stock dynamics are not considered in the analysis.
Licence without driftnet regulation
At the firm level, the objective of the vessel owner (i) is to maximise variable profit during the albacore season. Considering the individual production function (1), annual albacore harvests ( y ia ) depend on net length ( G ia ), time spent at sea in the albacore fishery ( T ia ) and vessel length (1) 
Then, variable profit for each vessel in the albacore fishery can be written as follows : (6) [ ]
Each vessel owner receives variable profit for the albacore activity. It is a share of turnover minus running cost where ( p a ) is tuna price net of landing cost. ( ga c ), ( ma c ) are respectively the unit cost per kilometer of driftnet, and the cost of a trip in the albacore fishery. In this fishery, as in others, the share remuneration system is commonly used as a way to distribute the wages to the labour force, and to incite the crew to work (Sutinen 1979) . ( i α ) and ( c α ) are respectively the share rate of the vessel owner and of the crew. In order to simplify the analysis and the calculation of wages, we assume that the share rates are exogenous.
Hake catches are obtained by multiplying catch per unit of effort (CPUE) in the hake fishery by time spent in this fishery so that :
There is no other technical constraint for this fishery, and variable profit per vessel in the hake fishery ( π ih ) can be defined as :
= α π
With ( h p ) the hake price net of landing cost and ( ih c ) is the unit cost of a day spent in the hake fishery.
Because the objective of vessel owners is to maximise variable profit all along the albacore season, they have to choose the number of trips in the albacore fishery that maximise this value : 
Implementation of individual quotas
We now assume that the regulator is able to fix a Total Allowable Catch (TAC) for albacore, for each year or season, and to share it between the fleets of the different countries. Then, the eligible driftnet vessel owners receive a quota ( y ia ) in weight, given as a percentage of the TAC or the national quota for the driftnet fleet. The endowment of quotas rations the harvests of the vessels if their allocation is lower than the vessel's total hold capacity over the albacore season.
As in the driftnet non-regulation context, each fisherman has to choose the number of trips to the fishery in order to maximise the total variable profit during the albacore season (12). In a second stage, driftnet length must be adapted to fill in the hold.
Yet, the following constraint must be respected :
Considering that each vessel fills in its hold capacity during each trip, the number of trips has to be adjusted not to go beyond the individual quota limit. If the quota limit is reached, the vessels are able to switch to the hake fishery.
Transferability of individual quotas on a rental market
A rental market for quota units gives each fisherman the opportunity -by renting or leasingto adjust annual production at the level he desires, the one which maximises variable profit. Quotas divisibility is assumed to be perfect, and variable profit becomes :
The second term in brackets represents the individual net demand for quota, and a positive (negative) difference means that the fisherman is a renter (leaser). At each model iteration, boat owners reveal their net demand for quota units, (e.g.) the difference between the desired production level and the quota allocation. Then, rental price ( l a ) adjusts itself by a walrasian system of trial and error. We assume that there is no transaction cost on the market for rights. 
λ
The evolution in the price depends on the global net demand for quotas (e.g. the sum of individual net demands) and reaches equilibrium when global net demand becomes nil. In the simulation, willingness to pay for rights depends on the comparison of variable profit values. Vessel owners decide to rent or to sell quota units if the variable profit in the new situation is higher than the variable profit in relation to quota non-transferability. At margin, willingness to pay quota is the difference between the price and the marginal cost. The individual net demand for quota is positive when this marginal rent is above quota unit rental price. At equilibrium, the marginal costs of each vessel equal.
The next section presents the simulation results of the cases mentioned above.
Simulation of short term adjustment in the driftnet fishery.
The objective of this section is to assess and compare through a simulation, the effects of the different management options implemented by the fishery regulator. The outlook is to replace the regulators in the context of the management decision-making process, that is to say between 1992 and 1995 when regulations were required in the driftnet fishery. Nevertheless, the management possibilities are enlarged, and four main management options are considered: individual licence allocation with and without driftnet regulation, individual quotas and individual transferable quotas allotment. Different options in each of these scenarios are studied and simulations are carried out to make the comparisons between the different options possible.
Different indicators are used in the analysis of the different scenarios. The total variable profit, defined before, is the optimal variable profit earned either in the albacore or in the hake fishery or both. The wage over the season of each crew member is an indicator of labour income. The value of these indicators can be compared to the quasi-rent earned by the vessel and each crew member. The vessel quasi-rent is the difference between the optimal variable profit and the variable profit in the next best fishery; the hake fishery. The crew quasi-rent is the difference between the crew wage earned with best strategy and the crew wage in the hake fishery. The firm quasi-rent is the sum of these quasi-rents.
Fleet adjustment without driftnet regulation.
As mentioned on table VII, which gives the main simulation results at equilibrium, the best solution for each ship is to deploy its own driftnet length, in order to fill in the hold capacity, and spend all the time in the albacore fishery. The total variable profit is then maximised, and the optimal driftnet reaches a length of 11.33 km for vessels that belong to the group 1, whereas this value is only 5.66 km for the fourth category with the lowest hold capacity. tons, and nearly 6,300 tons for the French albacore fleets. Organisations of producers intervened on the one hand to implement vessel quotas per trip at the end of the season, and on the other hand to store products in order to clear markets and reduce the price fall. In addition, the vessels decided to leave the fishery after the conflicts that took place at sea against Spanish baitboats. These are the main reasons why simulated landings do not correlate very well with the effectively realised harvests.
Simulation results indicate that all the time is dedicated to the albacore fishery since it offers a significant differential quasi-rent to the vessel owners and to their crews. As a whole, crewmembers form a group of about 544 individuals, who share a 10.1 MF quasi rent. This is the difference between the wages earned in albacore fishery, and the opportunity cost in hake fishery; the quasi-rent represents about 23 percent of their income all along the fishing season. The total quasi-rents of vessel owners represent 37.9 MF for a total short term revenue estimated at 57.1 MF. The vessels of the first group benefit from an advantage in capacity, even if they must employ more crewmembers than the smallest vessels. Their individual variable profits reach 1.08 MF, and only 0.665 MF for the vessels of the last group, which in practice, support less fixed costs
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. There is an economic incentive to own a larger vessel. As a result, in order to capture these infra-marginal rents, some skippers decided to build new larger vessels, or purchase them on the second hand market, in the beginning of the 90's.
In such a context, the driftnet vessels do not spend any time in the hake fishery, and there is no spillover effect resulting from the increase in hake catches in this fishery. Assuming that dolphin by-catches are proportional to tuna catches, theoretical dolphin catches may be estimated to about 3,030 individuals for 7,380 tons of albacore caught.
Licence allocation combined with driftnet regulation.
Here are considered two main options, the allocation of 64 permits with the driftnet use limited to 5 km per vessel, and the allocation of 40 permits with a driftnet net limit of 2.5 km. This last option has been applied since 1998, and will be enforced until 2002. In both options, the total quasi-rent undergoes a sharp decline to 34,2 MF (-29%) and to 2.9 MF (-94%) compared to the first scenario with no regulation. Landings fall respectively to 5,437 (-26%) and plummets to 1,838 tons (-75%) in the second and third scenarios (see table VIII and IX). Employment also decreases to 320 and 270 fishermen, and total labour remuneration falls from 31.6 to 16.4 MF. In the last scenario, the quasi-rent value for the crew is near zero (0.2 MF). Most vessel owners may adjust the share rate in order to retain the crew, so that the current wage exceeds its opportunity cost (see table IX) . This behaviour is possible as vessels owners have a certain freedom in the way they can share the quasirent between the capital and the labour factor.
The simulation results reveal that the net regulation tends to homogenise the vessel catches and variable profits. Besides, vessels holding higher capacity are subject to a larger decrease than those with lower hold capacity, because net length is far from their optimal level. For example, the variable profit of group 1 vessels nosedives from 1.08 to 0.69 MF, and to 0.42 MF in the second and third scenarios (respectively a 36% and 61% decrease) when the variable profit of group 4 vessels declines from 0.65 to 0.58, and finally to 0.33 MF (respectively a 12% and 50% decrease). The other main point to be underscored is that the decreases noticed in variable profit and in individual vessel catches, are smaller than the reduction in net length. This results from the decreasing marginal returns of the net length. In reality, in order to obtain higher turnover, fishermen tried to compensate reductions in catches and income by increasing direct sales of albacore to the consumers. These more expensive landings, around 30 F/kg, concern less than 10 percent of the total landings. It may be difficult to predict the behaviour of fishing firms under scenario 3, since the estimated income in the albacore fishery is very close to the opportunity cost of the hake fishery. Some slight upward or downward variations of income in the hake or in the albacore fishery may lead fishermen to switch from a fishery to another. In practice, hake yields using the gillnet gear are subject to significant variations in the stock accessibility, especially in summer, at the beginning and at the end of the albacore season. This is why the vessels can reallocate their fishing time between the two fisheries.
From the point of view of externalities, only the 2.5 km regulation leads to a reallocation of the fishing effort to the hake fishery. Vessels of the 4 th group split their fishing time between the two fisheries, and only the first group does not enter the hake fishery during the albacore season. These regulations tend to limit the dolphin by-catches to 2,235 and 755 individuals under scenarios 2 and 3.
Let us now consider the results of the implementation of individual quotas without any driftnet length regulation.
Implementation of individual non transferable quotas
We now assume that the national quota for driftnet is either set up at the level of scenario 2 (5,440 tons), or at that of scenario 3 (1,838 tons). "Grandfathering" quotas to vessel owners free of charge is the most common practice in this area (OCDE 1993; . As a result, this option is applied here to the 64 driftnet vessels. Two options of distribution of individual quotas are considered in the next table. In the first case, vessels of the groups 1 and 2 receive respectively 2.15 and 1.75 percent of the national quota for driftnet and so on. This option corresponds more or less to an allocation based upon historical catches. The larger the vessels, the higher their allocation. The second case refers to an opposite situation, in which smaller vessels with the lowest hold capacity receive the highest allocation. In each case, because these fishing use rights are not transferable, the vessels cannot adjust their production level beyond their individual quotas. The simulation results are presented in the table XI. In both scenarios with allocation 1, no vessel could achieve its six trips to the albacore fishery. Obviously, the vessels strategy is to harvest all their allocation in a minimum time, and to switch to the hake fishery from the moment that the quota is exhausted. The vessels fill in their hold at each trip, or harvest until the quota limit is reached. But for different vessel groups, it is also more interesting not to harvest all their allocation if the last trip is not profitable. That is why, the whole driftnet national quota is not always used.
As illustrated on table XI, a 5,440 tons national quota yields a lower firm quasi-rent (32.3 MF) than a 5,440 tons harvest with licence allocation, and 5 km regulation (34.2 MF). Yet, the individual quota allocation is more profitable in relative terms when the total harvest declines to 1, 838 tons. The advantage is huge, and the quasi-rent is five times higher than the quasi rent of the licence system with 2.5 km regulation (15.0 MF vs 2.9 MF). Actually, the quota system gives the firms the opportunity to adjust their input in order to maximise their return, especially when the national quota is low, and when they have the possibility to switch to another fishery.
The main difference between the two system appears from the distributive effect point of view, but it is difficult to generalise the results. In the model, the licence system (scenario 3) leads to a more equitable distribution of the quasi-rents between the crew and the vessel owner, than the quota system (scenario 4). It gives about 36 percent of the quasi-rent to the crewmembers, whereas they only receive 15 percent in the last scenario. This is mainly due to the vessel's production level, the harvest of an additional quota unit requires more driftnet length, and consequently more crewmembers due to the net's decreasing marginal productivity. The implementation of individual quotas systems also generates more employment level than the licence systems. For a landed volume of 5,440 tons, with a quota system, vessel owners recruit 60% of additional crew (504 crewmembers), compared to the 5km driftnet regulation. This also explains why in the first scenario, the quasi rent is lower than in the second, even if the fleet's variable profit and total wage are higher.
Compared to the allocation 1, the implementation of the allocation 2 mainly produces distributive effects within the fleet, and between crews and vessel owners. As shown on the next tables, the quasi rent of the total fleet does not nosedive very much with the new allocation. It declines from 32.3 to 31.4 MF with a 5,440 tons national quota allocation, and from 15.0 to 12.1 MF with the shorter national quota. In the first case, a share of the driftnet fleet quota is misused because the vessels of the 4 th group do not harvest all their allocation. In fact, because the largest vessels do not receive significant allocation, and do not require numerous crewmembers, the 2 nd allocation requires less crew than the first. The quotas are reported to the smallest vessels, which hire larger crew but not in the same proportion. Due to the new quota allocation between vessels, distributive consequence appears. Larger units earn less than with the first allocation, and the variable profits per vessel for the different groups are less heterogeneous. At the fleet level, vessel owners receive a lower quasi-rent; this indicator increases or stabilises for the crewmembers due to the adjustment of the production process on the size of the crew.
Implementation of individual transferable quotas
We now assume that the authority responsible for the fishery management authorises the transferability of quotas units on a rental market. The simulation results given in table XV and XVI are equilibrium values obtained from the moment that all the possible exchanges between vessels are realised, and all the gains from exchange are exhausted. Even if all the firms receive a quota allocation, only the more efficient, those of the first and the second group stay in the albacore fishery.
They hire quota units, respectively 23 and about 25 tons to harvest beyond their quota allocation, and to reach their maximum production possibilities. Conversely, the vessels of the groups 3 and 4, which are less efficient, lease all their quota allocation to target only the hake species. The adjustment in production possibilities within fishing firms occurs because of their difference in willingness to pay for quota units; unit rental quota price is valued at 1.8 F/kg.
It is the willingness to pay of the marginal firm that also depends on the short term opportunity cost. When the national quota is reduced to 1,838 tons, only the vessels of the 1 st group are able to pay for more quota units, they increase their desired production level from 39.5 to 93.3 tons, and the quota price increases to 2.8 F/kg. As the quota supply is reduced, the most efficient firms purchase quota to the less efficient that leave the fishery step by step. Quota price progresses classically in response to supply (e.g. national quota) rationing, and to the increase in willingness to pay for quota units. Consequently, the increase in quota price does not only reflect the fleet rationalisation process, but rather the adjustment in rights supply. Moreover, the infra-marginal fishermen earn quasi rents that are not captured by the rental quota price; this indicator is not relevant to assess all the rents on a short term basis. The quasi-rents yielded by the implementation of ITQ are higher than with the IQ systems. In the case of a 5,440 tons national quota, the global quasi-rent is about 39 MF for all the fleet, and only 31 MF when transferability is not allowed. The difference between the two options, 23.6 percent, is increased to nearly 110 percent when the national quota drops to 1,838 tons. The quasi-rent rockets from 12.1 MF to 25.5 MF but does not really benefit to individual crewmembers since the fishing firms use more labour in the ITQ systems comparing to the IQ systems.
Finally, each vessel benefits from the quota exchange, the largest vessels as well as the smallest. Their variable profit is higher than the variable profit in the IQ system. This is why the final allocation is Pareto optimal with market exchange whatever the initial quota allocation. In allocation 1 or 2, the market adjustment without transactions costs provides the same optimal harvest per vesselsee annex -. Equilibrium quota rental prices reach respectively 1.8 and 2.8 F/kg. This effects is also known as the "Coase theorem" (Stigler 1966) . It is clear that other fleet structures will lead to different rental prices equilibrium because of their difference in efficiency, and finally in their willingness to pay for quota units.
This section does not focus upon the specific impacts of transferability of rights, even if distributive effects within the fishing firm occur. This problem is a major concern in public regulation, and few papers address this problem (Cunningham 1993 ) (Palsson and al 1997) . In numerous fisheries managed by ITQ's, vessel owners who want to rent quota units have the incentive to transfer the rental cost to their crew, or to change the crew share rate (Eythorsson 1996 , Casey and Dewees 1995 , Hoefnagel and Smit 1997 . Guyader and Thébaud (1999) modelled the effects of such arrangements on the allocation of quota units and analysed how distributive constraints can influence market adjustments.
Comparison of the different management strategies.
Until now, management authorities have never compared the benefits and the disadvantages of the different management alternatives in the albacore fishery. The ban of driftnets eliminates driftnet-caused dolphin mortality, and the vessels have to switch to the hake fishery. As a consequence, albacore quasi-rent plummets to zero, whereas hake total catches increase to about 2,300 tons. Of course, a biological assessment should be required to analyse the consequence of such a mortality level on the dynamics of the stock, which is now considered as largely overexploited (Anon 1998 ). Nevertheless, this catch level is probably not sustainable on a long term basis. According to a national quota or effort regulation leading to 1,838 tons of albacore landings, ITQ and IQ increase slightly hake catches compared to the licence allocation, with the 2.5 km regulation. Yet, this progression is far less proportional than the increase in quasi-rent for the driftnet vessels. For a higher national quota level, the conclusions are quite different since the change in regulation -from licence to ITQ -leads to nearly proportional increase in hake catches and in albacore quasi-rent. In fact, 5 km driftnet regulation yields a 34.3 MF without giving incentive to switch to the hake fishery.
In all cases, if the objective of the regulator is to maximise quasi-rents, the ITQ system should be preferred to the other systems. The lower the national quota level, the higher the advantages of such a system. It enables the fishing firms to adjust their catch level to their optimal level. It is also the best way to match the landings with the national quota level. Globally, the IQ systems generate more or less as many quasi rents as the licence systems. They enable the vessels to harvest their quotas properly, and then to switch to the hake fishery. Conversely, the licence systems reduce the hake catches if the driftnet regulation incites fishermen to stay in the albacore fishery during the albacore season. As shown on the figure I, the ITQ system is also the best instrument to reduce the differences in quasi-rents for different levels of dolphin by-catches.
Finally, an implicit value may be given to the dolphin saved with one or another regulatory measure. This value is the loss of producer short-term surplus or quasi-rent resulting from the reduction of dolphin by-catches, though it does not represent a value for the society taken as a whole.
According to this definition, the implicit value of a saved dolphin is not proportional to the reduction of dolphin by-catches. On average, it varies respectively from 15,400 to 17,400 francs as follows: the first value refers to an evolution from the licence allocation system with 5 km driftnet to the driftnet ban. The second, corresponds to an evolution from the ITQ system with a 5,440 tons national quota, to the driftnet ban. This difference outlines the value of rationalisation, and underscores the idea that in such a context, it is preferable for the fishermen to switch to an ITQ system in order to increase and demonstrate their potential losses due to environmental regulations.
Conclusion.
This empirical study reveals that in order to increase short term rents in the driftnet fishery for a defined level of dolphin by-catches, the system of individual transferable quotas is the most relevant and adapted. Due to the transferability of rights between vessels, significant gains are noticed when ITQs are implemented. In addition, the smaller the Total Allowable Catches or national quota, the higher the increase in benefit. However, the possibility to exchange rights not only on a rental market, but also on a sale market, may lead to distortion effects due to the different levels of subsidies granted between fishing firms (Guyader 1998 ).
The present analysis does not linger over the overall aspects of the implementation of individual quotas, and more particularly the spillover effects resulting from discards, highgrading problems, and the specific public costs linked related to the establishment and enforcement of use rights. Considering the first aspects, due to the relatively high selectivity of the driftnet gear (e.g. few joint products), and the limited difference in price within albacore catches, we may expect a few undesirable outcomes from the implementation of quotas. In the case of the driftnet fishery, quota regulation with the control of dockside landings, is less costly than licence with driftnet regulations that require enforcement at sea with patrol vessels. IQ as well as ITQ should then be preferred from a cost-benefit analysis perspective. Considering the fact that the French law prohibits the transferability of use-rights, the IQ system can be considered as a second best even if the licence system, with a 5km regulation, yields significant quasi-rents. The future ban of driftnets that is due to be applied in 2002, is going to lead to adverse effects in terms of producer quasi rent and hake harvest levels, which are probably non sustainable for both the fishing firms and the hake stock on a long term basis.
From an economic perspective, the welfare gains of this ban for the society could be compared to the reduction of the short term producer surplus assessed in this study, though no analysis has yet been carried out. If the objective of the management authorities is to maximise the collective welfare and to avoid political controversy, the best way is probably to set up a system of bid auction for albacore fishing use rights, which could be opened to both fishermen and environmental organisations. The level of albacore tuna catches and that of dolphin by-catches will then depend on the willingness to pay of the different economic agents, either to harvest tuna or to suspend tuna catches, and finally save dolphins. Then, funds collected by the public authority could be dedicated to research programmes for the improvement of driftnet selectivity. However, the decision to ban driftnets is probably irreversible for political reasons that are far beyond economic assessments. 
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